side to the other of the cells (Lawrence et al., 2016) . In animal development, since distributions of mitochondria is closely related to cell differentiation, more mitochondria are transferred to the cells that use a lot of energy compared to other cells (Coffman & Denegre, 2007; Dumollard et al., 2007) . Usually, a large number of mitochondria are transferred to the muscle and neural precursor cells.
Ascidian embryos have become an important model for embryological studies, offering a simple example for mechanisms of differential segregation of cytoplasmic components. They have an invariant cleavage pattern with no cell migration or cell death up to the gastrula stage, and the developmental fate of each blastomere are invariant among individual embryos (Nishida, 1987) . It is a well-known example that the differential segregation of mitochondria into muscle lineage cells occurs during ascidian embryogenesis (Zalokar & Sardet, 1984; Fujiwara & Satoh, 1990; Nishida, 1990) . However, it is still unknown what signaling and molecular events control the polarized distribution of mitochondria. We have been interested in how the asymmetric distribution of mitochondria is achieved during ascidian embryogenesis. In this study, we show three-types of monoclonal antibodies that recognize mitochondria-rich cytoplasm in the ascidian embryo. The staining patterns of these antibodies are very similar to each other. Distribution pattern of mitochondria revealed by these antibodies coincided with that of DiOC2 experiment. These antibodies will be useful immunological probes for studying the polarized distribution of mitochondria in the ascidian embryo.
MATERIALS AND METHODS

Embryos
During the spawning season, Halocynthia roretzi adults were collected by fishermen in the vicinity of GangneungWonju National University, Gangneung, South Korea. Naturally spawned eggs were inseminated with a dilute suspension of non-self sperm and the fertilized eggs were raised in filtered sea water containing 50 μg/mL streptomycin at 13℃. At this temperature, tadpole larvae hatched about 35 hr after fertilization.
Production of monoclonal antibodies
Monoclonal antibodies were produced as described by Fujiwara and Satoh (1990) and Kim and Nishida (1998) .
Embryos just before hatching were collected and homo- (Zaloker & Sardet, 1984; Nishida, 1990) .
Dechorionated eggs and embryos were incubated in the filtered sea water that contained 0.5 μg/mL DiOC2 (Thermo Fisher Scientific) for 1 hr at 13℃. The specimens were rinsed several times and then transferred to new filtered sea water. Mitochondria were visualized by green emitted by the DiOC2 stain under a fluorescence microscope.
To obtain specific immunological probes for studying mechanisms involved in the polarized distribution of mitochondria during ascidian embryogenesis, we have produced monoclonal antibodies against mitochondria of the embryos. We immunized mice with a homogenate of whole embryos, fused the mouse spleen cells to mouse myeloma cells to produce hybridoma cell lines. We screened individual hybridoma culture fluid samples by immunofluorescence staining. As described in Materials and Methods, more than 500 specimens were tested, from which we identified and cloned three hybridoma cell lines, 5G10 (Mito-1), 2G3 (Mito-2) and 3B8 (Mito-3), secreting antibodies that recognized mitochondria-rich cytoplasm in the eggs and embryos.
The Mito-1, Mito-2 and Mito-3 antibodies specifically recognized mitochondria-rich cytoplasm from eggs to tailbud embryos. The immunofluorescence results of these antiodies were very similar to each other ( Fig. 1 and Fig. 2 ). At the early tailbud stage, each antibody stained cytoplasm like reticular structure in epidermis cells (Fig. 1B-1D ). It seemed to be that the immunostaining signal was localized in the cytoplasm, except for nucleus. Similar staining pattern was observed in a vital staining of mitochondria with DiOC2, a fluorescent probe of mitochondria (Fig. 1A) .
It was reported that, in eukaryotic cells, mitochondria fuse to form elongated tubular networks around the nucleus (Egner et al., 2002; Friedman & Nunnari, 2014) . They are diffusely extended through the cytoplasm. Mitochondrial networks are dynamic, continually breaking apart by fission and fusing again. The features of mitochondria networks in cells were similarly observed in our experiments.
Antigens that are recognized by the Mito-1, Mito-2 and Mito-3 antibodies started to be detected from egg cytoplasm. The egg cytoplasm was also stained like networks with these antibodies (Fig. 2A) . Mitochondria were dispersed over the cytoplasm, but they were localized more frequently in the cortical cytoplasm of eggs. A polarized distribution of mitochondria in the egg leads to the differential segregation of mitochondria between blastomeres.
During cleavage stages, mitochondria are unevenly partitioned into blastomeres (Fig. 2B-2F ). At the 8-cell stage, the Mito-1, Mito-2 and Mito-3 antibodies stained the posterior-vegetal B4.1 blastomeres, which mainly give rise (Fig. 2B white arrows) . This distribution pattern corresponds to that reported in the previous studies (Zalokar & Sardet, 1984; Fujiwara & Satoh, 1990; Roegiers et al., 1999) . These studies showed that the The Mito-1, Mito-2 and Mito-3 antibodies showed that mitochondria are evenly distributed in the animal hemisphere blastomeres, which mainly form epidermis cells, at the 32-cell and the 110-cell stages (Fig. 2C, 2E ). Immunostaining signals were localized mainly in the central cytoplasm, except for nuclei. In contrast, mitochondria appeared to be partitioned preferentially into blastomeres of the marginal zone, such as muscle (red) and nerve cord (purple) lineage, in the vegetal hemisphere (Fig. 2D, 2F ). fates and suppresses muscle/nerve cord fate during ascidian embryogenesis (Kim et al., 2007) . Thus, there is a possibility that FGF signaling involved in regulation of the differential segregation of mitochondria.
